We have used a cytofluorometric method to study the effect of tumor necrosis factor (X (TNF) priming on the oxidative burst, FMLP-receptor expression and actin polymerization of whole blood polymorphonuclear neutrophils (PMN). This technique permits the study of single cells and, thus, allowed us to examine the responsiveness of PMN to TNF in whole blood. We found that TNF in whole blood strongly primed a subpopulation of PMN to produce H,O, in response to FMLP stimulation, whereas TNF and FMLP alone did not have a significant effect. Furthermore, adding TNF to whole blood increased the capacity of a subpopulation of PMN to bind N-formyl peptides at 4°C. a phenomenon that could account, at least in part, for the strong H202 N THE PHYSIOLOGIC conditions of circulating whole I blood, polymorphonuclear neutrophils (PMN) are in a resting state. In some pathologic conditions, they are activated in the blood vessels, damaging blood components and vessel walls.'X2 The mechanisms leading to this activation in whole blood are still poorly understood. Most studies have been performed on PMN isolated using various procedures, and such PMN produce 0,-derived species in response to bacterial N-formyl methionine-containing peptides3s4 In addition, isolated PMN are primed, ie, show an enhanced oxidative response after having been in contact with proinflammatory agents such as tumor necrosis factor a (TNF).5-'3
We have used a cytofluorometric method to study the effect of tumor necrosis factor (X (TNF) priming on the oxidative burst, FMLP-receptor expression and actin polymerization of whole blood polymorphonuclear neutrophils (PMN). This technique permits the study of single cells and, thus, allowed us to examine the responsiveness of PMN to TNF in whole blood. We found that TNF in whole blood strongly primed a subpopulation of PMN to produce H,O, in response to FMLP stimulation, whereas TNF and FMLP alone did not have a significant effect. Furthermore, adding TNF to whole blood increased the capacity of a subpopulation of PMN to bind N-formyl peptides at 4°C. a phenomenon that could account, at least in part, for the strong H202 N THE PHYSIOLOGIC conditions of circulating whole I blood, polymorphonuclear neutrophils (PMN) are in a resting state. In some pathologic conditions, they are activated in the blood vessels, damaging blood components and vessel walls.'X2 The mechanisms leading to this activation in whole blood are still poorly understood. Most studies have been performed on PMN isolated using various procedures, and such PMN produce 0,-derived species in response to bacterial N-formyl methionine-containing peptides3s4 In addition, isolated PMN are primed, ie, show an enhanced oxidative response after having been in contact with proinflammatory agents such as tumor necrosis factor a (TNF).5-'3
The reactivity of PMN in their blood environment to various stimuli has rarely been studied. Khwaja et a l l 4 reported that FMLP alone causes only moderate activation of the PMN respiratory burst, while TNF exerts a priming effect on all PMN in whole blood. The mechanism of this TNF priming effect remained to be studied in whole blood. The priming effect of TNF to FMLP in isolated PMN has been ascribed to modifications of FMLP receptor^,'^,'^ although postreceptor events may be i n v o l~e d .~* '~* '~ In addition, changes in F-actin content have been associated with modulation of the N-formyl peptide-stimulated response."
The aim of this study was to analyze the effects of FMLP alone or with TNF on the oxidative burst of PMN stimulated in whole blood. Flow cytometry measurement, which permits the study of these parameters at the single-cell level, was used to analyze the effect of FMLP, with and without TNF priming, on H202 production, expression of FMLP receptors, and actin polymerization of PMN in whole blood.
We found that (1) addition of TNF to whole blood strongly primed a subpopulation of PMN to produce H202 in response to FMLP, whereas TNF or FMLP alone in the same conditions had no significant effect; (2) in whole blood preincubated with TNF, two populations of PMN were distinguished by their ability to bind a biotinylated formyl peptide at 4°C and the high-level binding returned to the lower level after I minute of incubation at 37°C; and (3) using dual-color cytometric analysis, we also found that the PMN subpopulation, which was highly primed by TNF, showed production in response to FMLP after TNF priming. Dualcolor cytometric analysis showed that TNF primed actin polymerization on the same subpopulation in response to FMLP. Because the PMN subpopulation, which strongly bound N-formyl peptides at 4°C. was no longer detectable after 1 minute of incubation at 37°C. our data suggestthat TNF treatment of PMN in whole blood primes a subpopulation that actively cycles FMLP receptors. These results suggest that PMN in the circulation may respond weakly to bacterial peptides and that TNF may play a critical role in the induction of the oxidative burst in vivo. an increased actin polymerization capacity and modified right-angle light scatter.
Taken together, these results suggest that TNF priming may play a critical role in the induction of the oxidative burst in vivo by giving rise to a subpopulation of PMN that appear to cycle FMLP receptors actively.
MATERIALS AND METHODS

Reagents.
The reagents and sources were as follows: human recombinant TNFa (rhTNFa; 2 X IO5 U/mL) (Genzyme, Cambridge, MA); T,?"-dichlorofluorescin-diacetate (DCFH-DA; Eastman Kodak, Rochester, NY); FMLP, N-formyl-methionylleucyl-phenylalanine-lysine (FMLPL), cytochalasin B, L-a lysophosphatidylcholine, unlabeled-phalloidin, fluorescein isothiocyanate (F1TC)-phalloidin and TRITC-phalloidin, actinomycin D (Sigma Chemical CO, St Louis, MO); streptavidin-Cy-Chrome (Pharmingen, San Diego, CA); biotinylation kit (Amersham, Aylesbury, UK); Biogel P2 column (BioRad, Richmond, CA). Stock solutions of DCFH-DA (50 mmol/L) and FMLP (lo-* mol/L) were prepared in dimethyl sulphoxide (DMSO) and stored at -20°C. The different solutions were diluted in phosphate-buffered saline (PBS; Pharmacia Fine Chemicals, Uppsala, Sweden) immediately before use.
Isolation of PMN. Ten milliliters of heparinized blood was diluted 1.3 (vol/vol) in Caz+-free and Mgz+-free PBS. PMN were isolated,18 washed twice, and adjusted to 106/mL. Viability was always greater than 99% in the trypan blue exclusion test.
Incubation of whole blood and isolated PMN with TNF and Nformyl peptides. One-milliliter samples of fresh blood from ( I O U/mL of blood), or 4 X IOs isolated PMN were incubated with either rhTNFol(0. I to 1,000 U/mL) diluted in PBS or PBS alone at 37°C for various times (1 5 to 60 minutes). FMLP diluted in PBS at various final concentrations (IO-' to mol/L) or similar dilutions of DMSO were then added for 1 to 5 minutes at 37°C. Preliminary studies were used to choose standard priming conditions, which consisted of 30 minutes of preincubation with 100 U/mL TNF followed by incubation with FMLP ( mol/L) for 5 minutes. In some experiments, FMLP was replaced with FMLPL, which was biotinylated as described below. After incubation with TNF, N-formyl peptides, or control solutions, reaction was stopped and red blood cells were lysed using FACS lysing solution (Becton Dickinson, Mountain View, CA). After one wash (400g for 5 minutes), white blood cells were suspended in 1% paraformaldehyde-PBS. FACS lysing solution neither modified the amount of DCF generated nor increased the expression of activation markers such as CR3 as measured by flow cytometry (data not shown). Moreover, PMN viability was not altered in our priming conditions, as assessed in terms of propidium iodide exclusion by means of flow cytometry.
H20, production was measured using a flow cytometric assay derived from the technique described by Bass et al. '9 Before treatment with TNF and/or FMLP, samples (whole blood or isolated PMN) were preincubated for 15 minutes with 2',7'-DCFH-DA (100 pmol/L or 5 pmol/L, respectively) in a water bath with gentle horizontal agitation at 37°C. DCFH-DA diffuses into the cells and is hydrolyzed into 2',7'-dichlorofluorescin (DCFH); during the PMN oxidative burst, nonfluorescent intracellular DCFH is oxidized to highly fluorescent DCF by H202 in the presence of peroxidase." Red blood cells in whole blood were lysed as described above. The fixed samples were kept on ice until cytofluorometric analysis on the same day. To check that DCF did not diffuse out of the cells in our priming conditions, we used a spectrofluorometric method (excitation, 504 nm; emission, 526 nm) to measure the DCF concentration in the supernatants: DCF was undetectable after treating the samples with TNF plus FMLP as well as TNF or FMLP alone (data not shown).
F-actin content ofPMN. After incubation of whole blood with TNF or PBS for 30 minutes and with FMLP or PBS for 1 minute at 37"C, white blood cells obtained after red blood cell lysis were fixed with I % paraformaldehyde-PBS and F-actin content was measured using a flow cytometric assay." One hundred microliters of the cell suspension was incubated for 30 minutes at 0°C in 100 pL of 8% paraformaldehyde and 200 pg/mL of L-a-lysophosphatidylcholine in PBS alone or supplemented with I mmol/L unlabeled phalloidin to measure nonspecific binding of FITC-phalloidin; 20 pmol/L FITC-phalloidin was then added to the suspension and incubation was continued for 30 minutes at 0°C. After one wash in PBS, the cells were resuspensed in 1% paraformaldehyde-PBS. In some experiments, H202 production and F-actin content were measured simultaneously by incubation with DCFH followed by TRITCphalloidin (IO pmol/L, final concentration) and dual-color analysis.
Study of N-formyl-peptide binding to the PMNsurface. FMLPL was diluted to 1 mg/mL in borate buffer (0.05 mol/L) and incubated with the biotinylation reagent at room temperature for 1 hour with constant agitation. Biotin-FMLPL was separated from unbound biotin by gel filtration on a 0.8 X 30 cm Biogel P, column, equilibrated with PBS, and stored at -80°C. The final concentration was calculated from the optical density (OD) at 380 nm. The biotin-FMLPL peptide was shown to be active on isolated PMN by testing chemotactic activity under agarose and 0;. production in terms of cytochrome C reduction."
induced DCFH oxidation with a similar intensity to that of unconjugated FMLP mol/L). The effect of TNF on the binding of N-formyl-peptides to the PMN surface was measured by incubating whole blood with TNF (100 U/mL) or PBS for 30 minutes and then with biotin-FMLPL ( mol/L) at 4°C for 1 hour. After erythrocyte lysis and one wash with PBS supplemented with 5% fetal calf serum (FCS), 0.25 pg of streptavidin-Cy-Chrome (a tandem conjugate of phycoerythrin and cyanin bound to streptavidin) was added for 30 minutes at 4°C. The cells were then washed in PBS-FCS, resuspended in I% paraformaldehyde-PBS, and analyzed by flow cytometry. To analyze simultaneously by flow cytometry the binding of N-formyl peptides and DCFH oxidation, some experiments were performed with a preformed complex of biotin-FMLPL and streptavidin-CyChrome. This complex was prepared by incubating equimolar concentrations ( mol/L) of each compound for 15 minutes at 4°C. This one-step staining was performed to avoid internalization of biotin-FMLPL during the 5 minutes of incubation at 37°C before the addition of streptavidin-Cy-Chrome. Indeed, changes in binding after preincubation with TNF and stimulation by N-formylpeptide were determined by incubating cells with biotin-FMLPL at 37°C for 1 to 5 minutes before adding streptavidin-Cy-Chrome. Nonspecific binding was determined by incubating samples with unconjugated FMLPL and then with streptavidin-Cy-Chrome. After blocking the internalization of the FMLP receptors with Cytochalasin B, we checked that incubating samples for 1 to 5 minutes at 37°C modified neither the interaction of biotin-FMLPL with streptavidin-Cy-Chrome nor the fluorescence properties of CyChrome (data not shown). In addition, these data suggested that oxygen-derived species released by activated PMN did not interfere with the staining.
We used a Becton Dickinson FACScan (Immunocytometry Systems, San Jose, CA) with a 15-mW, 488 nm argon laser. Forward and side scatter were used to identify the granulocyte population and to gate out other cells and debris. The purity of the gated cells was assessed using FITC-or PE-conjugated CD3, CD45, CD14, and CD15 antibodies (Becton Dickinson). Ten thousand events were counted per sample and the fluorescence pulses were amplified by 4-decade logarithmic amplifiers. The green fluorescence of DCF and FITC-phalloidin were recorded from 515 to 545 nm; the red fluorescence of streptavidin-CyChrome was recorded via a long-pass emission filter (>650 nm). In all cases, unstained cells were run, and the photomultiplier settings were adjusted so that the unstained cell population appeared in the lower left-hand corner of the fluorescence display. In the dual-color analysis, single-cell controls were used to optimize signal compensation. All the results were obtained with the use of a constant photomultiplier gain value. The data were analyzed using LYSYS I1 software (Becton Dickinson. San Jose, CA) and the median fluorescence intensity was used to quantitate the responses. The effect of agonists on H20, production was calculated using a stimulation index (SI, ratio of median fluorescence intensity of stimulated cells to that of unstimulated cells). DCFH oxidation or FITC-phalloidin binding and right-angle scatter were determined simultaneously. In some experiments, dual-color analysis of green DCF fluorescence and streptavidin-Cy-Chrome was performed. DCFH oxidation and actin polymerisation were analysed simultaneously with a 5 14 nm argon laser on a FACSTafl"s (Immunocytometry Systems, San Jose, CA). Long-wavelength fluorescence was spectrally filtered by a dichroic mirror with a 560 nm edge. The green fluorescence of DCF was recorded from 500 to 560 nm (530 f 30); the red fluorescence of TRITC-phalloidin was recorded from 549 to 601 nm (575 f 26).
Samples ( I mL) of whole
Flow cytometry analysis.
Release ofmyeloperoxidase activity. 5 experiments). However, preincubation of whole blood with 100 U/mL TNF for 30 minutes followed by treatment with mol/L FMLP for 5 minutes induced a bimodal response in terms of DCF fluorescence intensity. Indeed, 5 I% k 11% of PMN had an SI of 7.50 f 1.38, whereas the remainder had an SI of 1.47 k 0.26 (n = 5). As shown in Table 1 , the effect of TNF was concentration-dependent: from 0.1 to 10 U/mL, a single PMN population was observed, whereas a double population was occasionally observed at 10 U/mL and consistently present from 10 U/mL Number of experiments. t The most fluorescent subpopulation is referred to as the second population and the single or less fluorescent population is referred to as the first population. to 750 U/mL. The SI of the more responsive population (second population) increased from about 5 at 10 U/mL to about 8 at 500 to 750 U/mL, whereas that ofthe less responsive population (first population) increased from 1.32 to 1.90 at TNF concentrations of IO and 500 U/mL, respectively. When an anti-TNF monoclonal antibody was added before incubation with TNF and FMLP, DCFH oxidation was suppressed: the SI of the single population observed was not different from 1, ie, similar to that with FMLP alone. This result rules out the responsibility of a contaminant such as endotoxin in the priming effect of TNF. A kinetic study showed that the percentage of PMN in the hyperresponsive subpopulation increased from 3 1 % after 15 minutes of preincubation with TNF (100 U/mL) to a maximum of 6 1 % at 45 minutes (data not shown); thus, a preincubation time of 30 minutes was used in the rest of the study.
As DCFH oxidation may depend not only on H,Oz production but also on cellular peroxidase content," MPO was measured in the extracellular medium to determine whether TNF induced the release of MPO in the subpopulation with low DCFH oxidation. Total MPO release was not significantly different in the supernatants of the samples incubated with PBS, TNF, and FMLP alone or in the priming conditions with TNF plus FMLP (310 k 60, 306 * 49, 276 k 96, 293 k 21 relative units of MPO, respectively; positive zymosan-treated control: 650 k 50 relative units of MPO, n = 3). Moreover, MPO staining showed no differences between individual PMN, whereas the positive control showed a clear decrease in MPO content. Therefore, differences in DCFH oxidation cannot be attributed to differences in MPO content but rather to differences in H,02 production.
For Because TNF and FMLP alone did not induce significant H202 production in whole blood, we checked the effects of these agonists on isolated PMN. As shown in Table 2 , FMLP induced H202 production by isolated PMN with an SI of the order of previously published values.22 TNF induced H,O, production with a maximum SI of 2.36 at 1,000 U/mL ( Table 3 ). The SI values obtained after TNF stimulation of isolated PMN were significantly higher than those obtained with PMN in whole blood. This was not attnbutable to the red blood cell lysis step because neither the FACS lysing solution nor hemoglobin-containing supernatants obtained after red blood cell lysis modified DCFH oxidation in isolated PMN.
Biotin-FMLPL binding capacity of PMN in TNF-pretreated whole blood. As shown in Table 4 , biotin-FMLPL did not bind detectably to unstimulated PMN in whole blood after 60 minutes of incubation at 4°C. In fact, the median fluorescence intensity of the sample incubated with biotin-FMLPL and shown with streptavidin-Cy-Chrome was not significantly different from that of the control (unconjugated FMLPL and streptavidin-Cy-Chrome). However, after 30 minutes of preincubation with 100 U/mL TNF at 37"C, a subpopulation of PMN bound biotin-FMLPL at 4°C with a median fluorescence intensity about 4.5-fold higher than the remaining cells, the fluorescence of which did not differ significantly from that of controls treated with unconjugated FMLPL or PBS (Table 4 , Fig 2C  and D) . The percentage of the strongly H20,-producing subpopulation was similar to that of the subpopulation strongly binding N-formyl peptides (60% f 12% and 58% f 9%, respectively, n = 3). Furthermore, after DCFH loading, TNF priming and incubation for 5 minutes at 37°C with a preformed complex of biotin-FMLPL and streptavidin-cyChrome, dual-color cytometric analysis showed that the same subpopulation of PMN registering a strong capacity of N-formyl peptide binding also exhibited strong H202 production (Fig 3D) . However, when TNF-preincubated PMN were treated with biotin-FMLPL mol/L) for 1 to 5 minutes at 37°C before the addition of steptavidin-CyChrome, N-formyl-peptide was bound uniformly and the subpopulation that strongly bound biotinylated FMLPL at 4°C was no longer detectable (Fig 2) . In fact, the median fluorescence intensity of the single population (Fig 2F) was similar to that of the first population (Fig 2D) . These latter results suggest the internalization of biotin-FMLPL during the 37°C incubation period.
The highly TNF-primed PMN subpopulation in whole blood showed a decrease in right-angle scatter and an increase in actin polymerization. When whole blood was preincubated with 100 U/mL TNF for 30 minutes and then with mol/L FMLP for 5 minutes (our standard priming conditions), simultaneous analysis of DCFH oxidation and right-angle light scatter showed that the most fluorescent population gave significantly lower right-angle scatter (540 f 30 v 436 f 36, n = 5 , P c .05).
Because a decrease in right-angle scatter by stimulated isolated PMN correlates with shape changes and actin polymerization:' we studied the effect of TNF priming in whole blood on this latter phenomenon. TNF and FMLP alone induced monophasic binding of FITC-phalloidin, whereas in combination they showed two populations; 47% f 8% of PMN showed a median fluorescence intensity three times higher than the remaining cells ( Table 5) . Simultaneous analysis of FITC-phalloidin binding and right-angle scatter showed that the most strongly fluorescent population gave significantly lower right-angle scatter than the less fluorescent population (data not shown). Furthermore, using TRITC-phalloidin and DCFH, dual-color cytometric analysis confirmed that the cells with the highest capacity to oxidize DCFH showed the most intensive actin polymerization (Fig 4) .
DISCUSSION
Our results show that FMLP and TNF alone do not induce production of detectable amounts of H,Oz by PMN in whole blood. In contrast, TNF primed PMN in whole blood to produce H,O, in response to FMLP. Flow cytometric analysis allowed us to distinguish two subpopulations in TNF-primed PMN; about 50% of cells showed marked H202 production, actin polymerization, and biotinylated formyl-peptide binding, whereas these effects were discrete in the remainder. As the strong formyl-peptide binding returned to the lower level after 1 minute of incubation at 37 "C, this subpopulation of PMN probably actively cycles FMLP receptors when primed by TNF. The priming effect of TNF seems essential to trigger the PMN oxidative burst in whole blood because neither TNF or FMLP alone induced detectable H,O, production.
The absence ofdetectable H,O, production by PMN stimulated by FMLP alone in whole blood is in accordance with recent results from Khwaja et all4 (Table 2) . The degree of H,O, production we observed with isolated PMN was similar to published values,, and the amounts of H,O, causing DCFH oxidation were comparable to the amounts of H,O, released by stimulated cells in other technique^.'^,^^ In addition, lysis of red blood cells did not modify the amount of DCFH that was oxidized. Binding of a biotinylated N-formy1 peptide by resting PMN in whole blood was undetectable; this could have been attributable to a lack of sensitivity of the technique, although a 4.5-fold increase in fluorescence intensity was observed when TNF was added (Table Streptavidin-Cy-chrome DCF RELATIVE FLUORESCENCE INTENSITY 4). Moreover, FMLP was not inactivated in whole blooti because TNF pretreatment induced DCFH oxidation in I C sponse to FMLP added to the sample. These results showed that FMLP in whole blood is able to react with PMN FMId' receptors, which are the limiting component ofbinding, an( 1 indicate that few FMLP receptors are available for bindin.: on resting PMN.
Some investigators have described a TNF-enhanced pro duction of 0,-derived species by isolated PMN,7,s,10,'r,25-2 whereas others have n~t .~.~. '~ We clearly show that TNl does not induce detectable H,O, production by PMN irt whole blood, regardless of the concentration (Table 3) 01 incubation time (data not shown). This result could not bs attributable to the inactivation of TNF by nonspecific binc: ing to cells or plasma proteins present in whole blood bc cause we showed that TNF primes PMN in whole blood ts> produce H,O, in response to FMLP. Isolation procedure> have been shown to increase the surface expression of molt cules that are not detectable in whole blood and that may bi markers of PMN activation.,' Isolation procedures in vitrc or migration in surrounding tissues in vivo might thus intei fere with stimulation pathways leading to the oxidativi burst.
Using single-cell flow cytometric analysis, we found thai the addition of 10 to 750 U/mL TNF to whole blood, fol lowed by mol/L FMLP for 5 minutes, induced bi modal H202 production by PMN. About 50% of cells prc? duced a high level of H,02, with a stimulation index that increased from 5.1 at 10 U/mL TNF to 8.7 at 500 U/mJ TNF. In contrast, isolated PMN showed no such bimodal response (data not shown), in accordance with previoush published data.6,L3 This finding suggests that the functionaj heterogeneity of PMN reported in patients with sepsis,29 condition known to increase TNF p r o d~c t i o n ,~~-~~ might b~ linked to the priming phenomenon described here. Simi larly, we have recently found that in the adult respiratoi 4 distress syndrome, ex vivo stimulation of PMN delineates &J ' We found that incubat-)le blood with TNF for 30 minutes at 37°C induced 1 $ < t t wlations of PMN distinguished by their ability to 1 s $14; .I biotinylated N-formyl peptide at 4°C. However, 7 correlated with TNF plasma levels.33 even though receptor upregulation by TNF has been described, the relationship between this modulation and priming of the oxidative burst has been ~ontested.'~,'~ Thus, we sought a relationship between high-level H,O, production and high-level formyl-peptide binding. When samples preincubated with TNF were further incubated at 37°C for 5 minutes with a complex of biotinylated N-formyl peptide and streptavidin-Cy-Chrome, cytometric analysis showed that the ratio between the two H,O,-producing subpopulations was similar to that observed previously. In addition, dual-color cytometric analysis showed that the same subpopulation of PMN showing strong DCFH oxidation also strongly bound N-formyl peptides. These results strongly suggest that incubation with TNF modifies FMLP receptor binding on a subpopulation of PMN and that the same population hyperproduces 0,-derived species in response to FMLP. Using the technique of Norgauer et al34 and Sklar et al,35 preliminary data indicated that the dissociation constants were similar in the poorly and strongly responsive subpopulations and that TNF upregulated FMLP receptor expression on the strongly responsive subpopulation (data not shown). This does not rule out the involvement of other biochemical events occurring at a postreceptor l e~e l , "~'~ but clearly shows that at least two subpopulations of PMN are distinguishable in whole blood.
Actin polymerization is involved in the expression of Nformyl peptide receptors at the cell s~r f a c e '~,~~ and in the oxidative b~r s t . " ,~~,~~, '~ B erkow et a16 reported that TNF alone increased the F-actin content of isolated PMN and suggested that a cytoskeletal effect could be involved in the priming effect of TNF. In accordance with these reports, TNF added to whole blood increased PMN actin polymerization (Table 5) . However, cytometric analysis showed a unimodal pattern of FITC-phalloidin binding to PMN, which contnsted with the dual population observed in terms of N-formyl peptide binding. Only after FMLP had been added to TNF-pretreated whole blood PMN could two populations be delineated in terms of their F-actin content. The most strongly FITC-phalloidin-binding population had a higher median fluorescence intensity than cells treated with FMLP or TNF alone. This effect of TNF on After preincubation with PBS or TNF (1 00 U/mL) for 30 minutes and then with PES or FMLP (1 0-6 mol/L) for 1 minute, F actin content was measured by the binding of FITC-phalloidin as described in Materials and Methods. Nonspecific binding using an excess of unlabeled phalloidin was not modified by TNF and/or FMLP incubation (median of fluorescence intensity = 8). Values are means k SEM (n = 3). 52.3 k 3.6t t P < .05 v PES-treated controls (SI = 1).
t The percentage of the most strongly FITC-phalloidin-binding population (second population) was 47% k 8%.
For personal use only. on October 3, 2017. by guest www.bloodjournal.org From PMN actin polymerization has not been reported with isolated PMN.6 Interactions between the cytoskeleton, FMLP, and its receptor have been suggested to play an important role in regulating the membrane 0; -generating system."
Dual-color cytometric analysis showed that the subpopulation of PMN primed in terms of F-actin content was also highly primed for H,O, production (Fig 4) . Furthermore, the subpopulation with the highest phalloidin-binding and H,O,-producing capacity showed a significant decrease in right-angle light scatter, a parameter related to shape changes and actin polymerization in activated PMN.23 The increased actin polymerization in the H,02-hyperproducing population could be involved in FMLP-FMLP receptor complex internalization; when samples preincubated with TNF were further incubated at 37°C for 1 to 5 minutes with the biotinylated N-formyl peptide before staining with streptavidin-Cy-Chrome, no subpopulation could be identified in terms of formyl peptide binding at the cell surface, and the SI of the single population observed was not significantly different from the value for the subpopulation that poorly bound the peptide at 4°C. This suggests that the ligand-receptor complex on the most strongly N-formyl peptide-binding population is internalized at 37°C and that actin polymerization participates in receptor cycling.
In conclusion, our results show that TNF treatment of whole blood increases the capacity of a subpopulation of PMN to bind N-formyl peptides; this could account, at least in part, for the existence of a subpopulation that strongly produces H,02 in response to FMLP after TNF priming.
Dual-color cytometric analysis showed that TNF primed actin polymerization on the same subpopulation in response to FMLP, a phenomenon that could lead to internalization of FMLP receptors on treatment with FMLP. The absence of significant effects of TNF and FMLP added separately to whole blood points to a critical role of TNF in triggering the oxidative burst of PMN stimulated in the circulation by bacterium-derived formyl peptides. If similar phenomena occur in vivo, the oxidative burst of PMN in the circulation would be less sensitive to a stimulus such as bacterial peptides than to the combined effects of TNF and bacterial peptides. As a result, some deleterious effects of PMN in the circulation would occur only in complex pathologic situations.
